In this paper we analyse real convergence in GDP per worker in the EU member states.
Introduction
The existence of real convergence within the European Union (EU) member states is of paramount importance in the process of economic integration, providing a mechanism to achieve economic and social cohesion amongst countries. In fact, the reduction of income inequality across its members has long been a declared objective of the EU, and policies aimed to promote economic convergence were set out in 1975 through the Structural Funds, and in 1993 through the Cohesion Funds. The idea that European integration through macroeconomic policy convergence and greater capital mobility will cause convergence in income growth rates motivated the implementation of those policies aimed to promote cohesion. Boldrin and Canova (2001) suggest that EU regional and structural policies have mostly redistributed income and have had little effect in fostering economic growth and the desired convergence of income levels across countries. This divergence view stands at odds with the neoclassical growth theory (Solow, 1956; Mankiw et al., 1992) . According to this theory, the growth rate of capital per worker of countries with a lower initial capital endowment tends to be greater than countries with an initial higher capital stock. Thus, countries with different initial capital stocks tend to converge in terms of income per worker, over time. This hypothesis is known as absolute convergence. The empirical evidence on the absolute convergence hypothesis is mixed. Baumol (1986) and the World Bank (1993) , amongst others, point to the fact that this process is hardly observed in practice. In contrast, Barro and Sala-i-Martin (1991) concluded in favour of absolute but slow convergence in Europe. There is generally more evidence in favour of the convergence hypothesis when country heterogeneity is taken into account and, in particular, when the assumption of similar parameters between countries is relaxed, implying different steady states (Barro and Sala-i-Martin, 1995) . Only after controlling for different economic conditions, can one observe the negative relationship between initial income per worker and economic growth. This hypothesis is known as conditional convergence.
The consensus at the introduction of the euro was that the internal EU market with free mobility of goods, capital, and labour would ensure sustainable growth and economic convergence in the euro area, even though cross-country structural differences prevailed at the beginning. This view also suggested that under economic and monetary integration, the preconditions for the convergence theories are more likely to be met. A number of studies have analysed the existence of convergence in the EU and the euro zone. The results to date are far from conclusive. De la Fuente (2003) finds only mild evidence in favour of convergence, due to the different labour market institutions and investment ratios, whereas Salinas-Jiménez et al. (2006) find some evidence in favour of convergence trends, due to human and physical capital accumulation. In a recent contribution, Crespo-Cuaresma et al. (2008) point to the fact that being a EU member state increases integration and has positive and lasting effects on economic convergence.
As the new and future EU members are much poorer than the old members, the prospect of further enlargement of the EU may jeopardise the achievement of real convergence. It is also worth mentioning that the process of convergence of Eastern European countries with Western European countries has special features which are different from other process of economic and political integration: First, all Eastern European countries have been in transition from planned to market economies, at the same time as an intense process of integration with the west; second, this group of countries belong to the common European market and, according to the neoclassical model of economic growth, the process of economic integration may have accelerated real convergence with the west. This is due to the elimination of barriers to the mobility of production factors. The latter elimination, arguably, would help to equalise those production factors' productivities.
One of the consequences of the process of economic integration is that Eastern
European countries have adopted the EU standards in terms of economic policies, institutions and economic governance. For instance, these countries have had to adopt multilateral agreements, such as Stability and Growth Pact, which establishes a number of fiscal policy rules. Thus, Padoa-Shioppa (2003) highlights the fact that Eastern European countries have had to keep two process of convergence; real income and structural convergence. These processes are of course related.
Additionally, by means of participating in the process of European economic integration, this group of countries, sooner or later, will join the euro zone, once the Maastricht criteria are fulfilled (ECB, 2003) . This situation implies, then, that not only the countries involved will have to face the process of real convergence, but also those countries which are EU member states, will have to fulfil nominal convergence. Lein et al. (2008) have analysed whether real convergence has been driving nominal convergence in the new EU Member States. These authors concluded that openness has had a negative impact and productivity a positive one on price level convergence with respect to the Euro area.
In this paper we analyse the process of real economic convergence in Europe, focusing on the real economy, using as a proxy the gross domestic product per worker.
In contrast to Lein et al. (2008) the aim is to test whether there has been club convergence. That is, our primary question is: are EU countries converging to a single steady state or are they clustering around different states? The possibility of club convergence within the EU may raise issues in terms of differences in competitiveness, linked to the lack of structural reforms, which may yield significant instabilities within the EU. These instabilities may also affect the stability of the euro currency, as we have seen in the 2008-2011 financial and sovereign debt crisis.
The remainder of the paper is organised as follows; the next section presents the cluster methodology proposed by Sul (2007, 2009) to test for club convergence within the EU-14. Section 3 discusses the empirical results. The last section concludes.
Methodology: convergence and cluster tests
The hypothesis of conditional convergence implies that real convergence depends upon the economic conditions of the country, but it does not depend upon initial income per worker. Nevertheless, the initial income per worker may have an effect on the country's economic growth path. Thus, regardless of the fact that two countries might share similar evolutions of fundamental variables and long term growth rate, they may not converge to the same steady state if they do not have similar initial incomes per worker. This is known as the club convergence hypothesis. According to the latter, if two countries start the process of economic convergence with different incomes per worker, they will hit different steady states. In order words, given a threshold of income per worker, countries with an income per worker below the threshold will convergence to a different steady state than those countries with an income per worker above the threshold. This hypothesis, then, implies that those countries with lower income per worker will form a club with a lower long term income per capita than those countries with higher initial income per worker.
This does not contradict the fact that countries with different initial income per worker may converge to the same steady state as richer countries, if the former countries get involved in structural reforms. In the case of the EU, club convergence refers to the possibility that Southern and Eastern European countries may have sluggish economic growth, diminishing their possibilities of catching up with the rest of the countries, the latter achieving a higher steady state.
The time series approach to convergence study can be found in the seminal papers by Carlino and Mills (1993) and Durlauf (1995, 1996) . These authors have developed the concept of stochastic convergence, based upon the stationarity properties of the variables under analysis. Thus, two non-stationary variables converge if there is a cointegrating relationship between them. In other words, two non-stationary series convergence if they share the same stochastic trend.
This definition of convergence can be empirically tested by means of time series econometric techniques. However, as pointed out by Phillips and Sul (2009) , traditional convergence tests are inadequate when technology is heterogeneous across countries and the speed of convergence is time-varying. To account for temporal transitional heterogeneity, Sul (2007, 2009 ) introduced cross-sectional and time series heterogeneity in the parameters of a neoclassical growth model. The starting point of the test is a simple factor model:
where  i measures the idiosyncratic distance between some common factor  t and the systematic part of X it . This model seeks to capture the evolution on the country specific X it in relation to  t by means of its two idiosyncratic elements, that is, the systematic element  i and the error  it . Phillips and Sul (2007) 
The time varying representation in (2) can be used to separate common from idiosyncratic components in the traditional decomposition of panel data:
where g it embodies systematic components, including permanent components that give rise to cross section dependence, and a it represents transitory component. The transformation of (3) to the form of (2) is given by:
for all i and t. In this way, X it is decomposed in a single common component  t and a idiosyncratic one  it , both of which are time-varying.
The simple econometric representation in (2) 
where log˜ y i0 and log˜ y i * denote initial and steady-state levels of effective log per capita real income and  it is a time-varying speed of adjustment.
Equation (5) can be expressed in the form (2):
where x it is presumed to have some elements that are common across countries so that Sul, 2009, p. 1158 ). Phillips and Sul (2007) proposed modelling the transition elements  it by the construction of a relative measure of the transition coefficients: Next, Phillips and Sul (2007) construct the cross-sectional mean square transition differential H 1 H t where:
and measures the distance of the panel from the common limit.
To formulate a null hypothesis of growth convergence, the authors proposed a semiparametric model for the time-varying behaviour of  it as follows:
where  i is fixed,  i  0,  it is i.i.d (0,1) across i but weakly dependent on t 1 , and L(t)
is a slowly varying function for which L(t) tends to infinity as t also goes to infinity.
Following Phillips and Sul (2007) the L(t) function is assumed to be log t.  it introduces time-varying and region-specific components to the model. 
The alternative hypothesis includes divergence, as in (11) and (12), but can also consider club convergence. For example, if there are two convergent clubs, the alternative is:
where G stand for a specific club. Phillips and Sul (2007) show that these hypotheses can be statistically tested by means of the following 'log t' regression model:
for t=[rT], [rT]+1,…, T with some r > 0. Phillips and Sul (2007) The regression test of convergence in (14) is made up of three stages Sul, 2007, p.1788) . In the first step, the cross-sectional variance ( H 1 H t ) ratio is constructed, and then in the second step the conventional robust t statistic, tˆ b , for the coefficient ˆ b is computed using (14). Finally, in the third step, an autocorrelation and heteroskedasticity robust one-side t test of the inequality null hypothesis   0 is applied using the estimated coefficient ˆ b and HAC standard errors. At the 5 percent level, the null hypothesis of convergence is rejected if the statistic has a value below -1.65.
However, the novel aspect of this approach is that convergence patterns within groups can be examined using the log t regressions, i.e. the existence of club convergence and then clustering. This fact is particularly relevant since the rejection of the null of convergence does not necessarily imply divergence, since different scenarios can be met, such as separate points of equilibrium or steady-state growth paths, as well as convergence clusters and divergent regions in the full panel.
The convergence approach by Phillips and Sul (2007) has a number of clear advantages. First, it is a test for relative convergence as it measures convergence to some cross-sectional average in contrast to the concept of level convergence analyzed by Bernard and Durlauf (1996) . Second, this approach outperforms the standard panel unit root tests since in the latter case X it  X jt may retain nonstationary characteristics even though the convergence condition holds, i.e. panel unit root test may classify the difference between gradually converging series as non-stationary. As a further problem, a mixture of stationary and non-stationary series in the panel may bias the results. Moreover, test results are sometimes not particularly robust. In contrast, the Phillips and Sul (2007) test does not depend on particular assumption concerning trend stationarity or stochastic nonstationarity of the variables to be tested.
Empirical results
In this paper we analyse the convergence of GDP PPP adjusted in 1990 US dollars per worker convergence in the following countries; Austria, Belgium, Bulgaria, In order to analyse if the convergence process of our pool of countries is homogeneous or, on the contrary, the countries form clubs of convergence, we apply the Sul (2007, 2009) methodology. According to this methodology, groups of countries may converge to a steady state which is common to all the countries of the group but different to other groups of countries. As previously mentioned, this approach is based on a nonlinear and time varying factor model, which incorporates the possibility of transitory heterogeneity and even transitory divergence.
Furthermore, the order of integration of the variables is not relevant in applying this methodology. Interestingly, this method also allows us to distinguish convergence clubs. Table 1 shows the results of the cluster analysis for the 24 target countries, for the sample 1990-2009. To obtain the results we have followed Phillips and Sul's (2007) algorithm. This implies four steps. In the first step the series in the panel are sorted out according to the amount of the last third period income.
The second step consists of selecting the k highest individuals in the panel to form the subgroup Gk for some 2  k < N. The log t regression is run and the convergence test statistics tk=t(Gk) calculated. The core group size k* is chosen according to the criterion:
In the third step the data is sieved for new club members. This implies to add one country at a time to core primary group with k* members and run the log t-test again. The new country is included in the convergence club if the associated t-statistic is greater then the criterion c*. Finally, in the fourth step new cluster are searched for.
A second group of countries is formed from those for which the sieve condition failed in step 3. The log t-test is run to see if this group satisfies the convergence test. If so, it is possible to conclude that there are two convergence club groups. If not, steps 1 to 3 are repeated to see if the second group can itself be subdivided in to convergence clubs.
If there is no k in step 2 for which tk > -1.65, the remaining countries have divergent behaviour.
According to the results in Europe have converge to their own steady state, which is different from that of the rest of the EU. These results give support to the idea that, despite notable improvements, gaps in terms of income per worker relative to the euro area remain large in the Eastern European countries (Borys, et al., 2008) . This suggests that the challenges of real convergence will remain relevant for these countries even in the medium and long term. Phillips and Sul's (2007) procedure, allows us a first classification of countries with more homogenous features in terms convergence. This does not prevent us from finding subclusters within clusters, implying different steady state within groups. To do this, we divide the panel in two groups of countries. The first one consists of Eastern European countries, and the second consists of the remainder. Despite the fact that Greece appears in the Eastern European countries in the previous analysis, we have include this countries in the Western group since it is not a transition economy, and we are interested in analysing its behaviour in relation with the rest of the member states, and with those with whom shares the euro. Also, we have left the Czech Republic in the Eastern European group of countries, given that GDP per worker data is not available before 1980. there is no evidence of convergence within EU-14 countries, neither within them. These results have two important implications. First, convergence within EU-14 is overall modest. This lack of convergence may reflect macroeconomic imbalances within these countries that may partly explain the current euro crisis. Second, the fact that Eastern European countries do not show any signal of convergence casts doubt on the sustainability of a future enlarged common currency area including less advanced economies as well as the inability of Maastricht criteria to promote real convergence. 
Conclusions
In this paper we have analysed the hypothesis of income per capita convergence within the EU. This analysis is of crucial importance, since the EU now consists of a large number of countries with different levels of productivity and economic growth.
By means of applying club convergence techniques, we find that there are strong divergences in terms of income per capita within the EU; first, we have the Central and Eastern European countries plus Greece, forming a group of convergence.
Interestingly, Greece appears to behave more similarly to the economies in transition group. Second, after repeating the analysis for western and eastern EU countries, we find that there is neither clear subdivision between southern and northern countries, nor between euro and non-euro countries. In addition, Greece appears not to belong to either of the clusters, within the west. Finally, for Eastern European countries, it seems that belonging to the euro zone determines the cluster that these countries belong to. It seems that for Eastern European countries, the process of transition to market economies, along with the desire to belong to the EU and euro zone, has had the anticipated effect.
Our results point out the necessity of deep structural reforms within the EU, in order to increase the level of convergence amongst its Member States.
